This study assessed the growth of Canavalia ensiformis (used as green manure), irrigated with different concentrations of wastewater. We evaluated the early, vegetative and reproductive development of the species. The experimental designs were completely randomized with five treatments and 30 repetitions (for the evaluation of early development) and 8 repetitions (for the evaluation of the vegetative and reproductive development). Five groups were established: A100 -100% of water supply, L100 -100% of water coming from a stabilization pond for domestic sewage, L75, L50 and L25 -mixtures of supply water and wastewater from the stabilization pond (25-75%, 50-50% and 75-25%, respectively). The results show that the treatments did not affect the initial development of the species, since no differences were observed between groups, when comparing variable germination speed index (GSI), germination mean time (GMT), germination rate (GR), seedling length and dry weight. On the other hand, the L100 and L75 groups had higher shoot length, total number of leaves, stem diameter, number of branches and pods produced. The number of flower buds was higher in group L100. Regarding the fresh biomass and dry areas of the aerial parts, roots and total phytomass, the L100 and L75 groups showed statistically higher values. It is concluded that the best plant growth occurred in groups L100 and L75, with fertirrigation containing 100% and 75% wastewater, respectively.
INTRODUCTION
When it comes to drinkable water, the discharge of domestic sewage is among the anthropic activities that have contributed to the depletion of this resource, because such effluents are almost always discharged in rivers, lakes and other water bodies after being inefficiently treated or even untreated. In this sense, the reuse of domestic wastewater has been considered an important practice to minimize the negative impacts caused by its discharge in natural water resources. Among the reuse practices, fertirrigation with wastewater derived from domestic sewage has been applied, in particular in arid and semi-arid regions (Sousa et al., 2006; Souza et al, 2010a; Silva et al., 2012; Azevedo et al., 2013; Vale et al., 2013; Oliveira et al., 2013a,b) . One of the advantages of such practice is sparing drinkable water.
Several studies have shown that the use of domestic wastewater in agriculture can also increase productivity (Azevedo, et al. 2007; Alves et al., 2009ab; Nascimento et al., 2009; Costa et al., 2009; Silva et al., 2012; Azevedo et al., 2013; Vale et al., 2013; Oliveira et al., 2013a,b) . As discussed by Hespanhol (2003) , irrigation with water coming from domestic sewage reduces substantially or even eliminates the use of commercial fertilizers in soils prepared for agricultural and non-agricultural plantations. As the domestic effluents contain nutrients, their application can, in the long term, promote the addition of organic matter, which acts as a conditioner, increasing the capacity of the soil to retain water.
In general, there are no chemical restrictions regarding the quality of domestic wastewater for fertirrigation, being the effects of such practice on the development of different plant species the subject of many studies (Nery Rodrigues et al., 2009; Rebouças, 2010; Souza et al., 2010b; Santos-Junior, 2011; Javarez-JR et al., 2010; Damasceno et al., 2011; Mota et al., 2011; Sampaio et al., 2011; Lacerda et al., 2011; Silva et al., 2012; Azevedo et al., 2013; Vale et al., 2013; Oliveira et al., 2013a,b) .
For several reasons, the reuse of treated or partially treated effluents in fertirrigation has been an attractive alternative to the discharge of these effluents in water bodies (Santos et al., 2006) . Some of the reasons are: (i) wastewater from domestic sewage can become a supplementary water source to promote sustainable agriculture, especially in regions where water is scarce; (ii) within some limitations, the use of wastewater can also make other resources available, such as those related to the nutritional aspects of the plants, and (iii) wastewater use not only helps preserve the quality of superficial waters, but also its "disposal" on the soil implies recycling, in the sense that "pollutants" become nutrients for plant growth (Hespanhol, 2003; Barroso & Wolff, 2011) .
In this context, the aim of the present study is the assessment of the effect of fertirrigation with different concentrations of wastewater coming from a domestic sewage stabilization pond on the development of Canavalia ensiformis (jack bean).
MATERIALS AND METHODS
The present study was carried out in a greenhouse located in the Federal Institute of the State of Goiás (Instituto Federal Goiano) -at Urutaí (State of Goiás, Brazil). Canavalia ensiformis (jack bean) is an annual-cycle, herbaceous, creeping, non-climbing legume that reaches 0.6 to 1.2 m in height (Pereira, 2008) . This species was chosen because it is commonly used in the control of soil erosion and in projects involving recovery of degraded areas. It grows easily and is adaptable to adverse environmental conditions (Erasmo et al., 2004; Faria et al., 2004; Nascimento & Silva, 2004; Fontanétti et al., 2006; Pereira 2008) . In this study the effect of fertirrigation was assessed, using different wastewater concentrations during the initial, vegetative and reproductive development of C. ensiformis.
To assess the C. ensiformis initial development, an independent experiment was carried out for 16 days, period during which seedlings emergence and vigor. In this experiment, seeds germinated in a 300-mL disposable plastic cup ( Figure 1A ), filled, from bottom to top, with 1 cm-thick layer of artificial gravel, 1 cm-thick layer of sand, and a Plintosol-type, horizon A soil from the Urutaí Campus. The parameters analyzed were: germination rate (GR), germination speed index (GSI) (according to Maguire 1962) , germination mean time (GMT) (according to Silva & Nakagawa (1995) , fresh phytomass of the aerial parts, roots and total phytomass.
To assess the C. ensiformis vegetative and reproductive development, another experiment was carried out for 130 days, where 12-L plastic vases were used ( Figure 1B ) with a hole at the bottom and filled with a 3 cm-thick layer of artificial gravel and 8 kg of soil from an area affected by severe erosion. The following parameters were analyzed every 15 days: length of the aerial part, the diameter of the stalk, total number of leaves and ramifications per plant. On the 130 th day, dry and fresh phytomass of the aerial parts, roots and total phytomass and the number of pods produced per plant were computed. The number of flower buds was also obtained, when flowering occurred during the experiment.
To assess the C. ensiformis initial development, a completely randomized design was adopted, with five treatments and 30 repetitions. To assess vegetative and reproductive development, a completely randomized design was adopted, with five treatments and eight repetitions. For both evaluations, the treatments consisted of: L100 (100% wastewater coming from the domestic sewage stabilization pond -A.R.); A100 (100% supply water -A.A.); L75 (75% A.R.+ 25% A.A.); L50 (50% A.R. + 50% A.A.), and L25 (25% A.R. + 75% A.A.). Fertirrigation was carried out daily, being enough to moist the substrate at field capacity.
In each experiment, the same volume of water was used in all treatments. It was estimated using the Hargreaves-Samani method, which takes into account evapotranspiration (Etc) -the crop coefficient (kc) being a function of the phenological stage of the plant -and the reference evapotranspiration (Et0), which is a function of the local climatic demand.
For the chemical characterization of the irrigation/fertirrigation waters, the concentrations of the following elements were determined: Al, Ba, Ca, Fe, K, Mg, Mn, P and S. During the whole experimental peri- A B od, an aliquot (100 mL) of irrigation/fertirrigation waters was collected daily and kept in a freezer. The resulting data were treated using the analysis of variance method. The Tukey test was used to compare mean values at 5% probability.
RESULTS AND DISCUSSION
The parameters GSI, GMT and GR obtained for the C. ensiformis initial development are listed in Table  1 , including height of the seedlings and the fresh phytomass of the aerial part, roots and total phytomass. No significant statistical differences were found between the five groups (Figures 2A and 2B) .
It is worth mentioning that studies involving different vegetal species have shown that the initial development of a plant is influenced by several factors, including temperature, soil moisture, seed dormancy, seed storage conditions, age of the seeds, and presence or absence of light (Felippee-Polo, 1983; Mikusinski, 1987; Klein and Felippe, 1991) . The results obtained in this study reveal that the irrigation with wastewater did not affect the initial development of C. ensiformis. This means that the quantity, rather than the quality, of water is important at this stage. In principle, seeds need moist to soften and break the integument. This process allows the access of oxygen to the embryonic cells, thus starting the imbibition phenomenon (Borges & Rena, 1993; Bewley & Black, 1994) . According to Corte et al. (2006) , water that enters the seed promotes metabolic reactions that mobilize the energy reserves contained in the seed itself, in the cotyledons or endosperm, making energy available to the cells. Therefore, the seed does not need external nutrient or energy sources, which explains the fact that the treatments employed in the experiments did not influence the parameters related to the initial development of C. ensiformis.
However, it is an understatement to state that the concentration of nutrients in the soil is not important to the initial development of a species. Mota et al. (2011) , studying the development of crimson sweet cuttings irrigated with different concentrations of domestic sewage wastewater, observed positive effects on the development of the species. The authors attested by the F test the significantly better effect (p<0.05) on TG, IVG, number of leaves and fresh matter of the aerial part. Despite not discussing their results, when comparing them with other data from the available literature, which demonstrate that at initial stages the energy in the seeds is more important than the nutrients in the soil, we believe that the results obtained by Mota et al. (2011) can be explained by the high organic matter concentration present in the irrigation waters. In this case, this organic matter concentration would allow a higher retention of water in the soil.
Regarding the length of the plants, which was measured every 15 days during the experimental period, it was observed that the period of highest growth rate was between the 15 th and the 75 th day after sowing. From the 75 th day to the end of the experiment, groups L100 and L75 were the longest (p<0.05), when compared to group A100 ( Figure 2C ).
Regarding the diameter of the stalk, from the 75 th day of the experiment, group L100 yielded higher statistical values than group A100 ( Figure 2D) , and from the 90 th day, group L75 also yielded higher values than group A100. These differences remained until the end of the experiment ( Figure 2D ). It is worth mentioning that for both length of the plant and diameter of stalk, from the 75 th day on, group A100 yielded the lowest values when compared to the other groups. Similar results were found for total number of leaves and ramifications (graphs not shown).
Fideles -Filho et al. (2005) , studying the influence of irrigation with wastewater on the development of cotton, observed that height of the plant and diameter of the stem reached the highest values in groups irrigated with effluents. According to the authors, these results are related to the quality of the wastewater, which is usually rich in nutrients used by the plants to grow and develop. Alves et al. (2009a) , analyzing the effect of the application of wastewater on the growth of brown fiber cotton, also observed that the plants irrigated with wastewater were taller than those irrigated with supply water. Souza et al. (2010a) , when assessing the diameter of the stem, had better results in treatments Table 1 -Germination rate (GR), germination speed index (GSI) e germination mean time (GMT), corresponding to the initial development of Canavalia ensiformis* *Analysis of variance and comparison of mean values using Tukey's test at 5% probability.
in which the species Ricinus communis L. (castor oil plant) was irrigated with wastewater.
Regarding the reproduction parameters, irrigation with 100% wastewater (group L100) promoted the growth of a larger number de flower buds ( Figure 3A) , as well as a larger number of pods per plant (groups L100 and L75) in comparison to irrigation with supply water or other wastewater concentrations ( Figure 3B) . Similar results were found by Medeiros et al. (2007) , when assessing the use of wastewater in gerbera crops. The authors observed that not only a larger number of flower buds and flowers grew, but also the time to form buds and the time interval between crops were shorter.
In the present study, the fresh and dry phytomass of the aerial parts, roots and total phytomass of the groups irrigated with wastewater were also evaluated. The results obtained for the fresh and dry phytomass of the aerial parts and total phytomass revealed higher values (p<0.05) for treatments L100 and L75, when compared to the other groups ( Figures  3C and 3D) , which may be a consequence of higher nutrient concentrations in wastewater.
In order to understand the results found in groups irrigated with wastewater, especially L100 and L75, a chemical characterization of the waters used in the irrigation of the crops was carried out. Table 2 shows that the waters used in the irrigation of groups L100 and L75 yielded the highest Ca, Mg, K and P contents, which can explain the better performance of the crops irrigated with 100% and 75% wastewater concentrations. Especially regarding P and K, the highest concentrations of these elements in wastewater coincide with the highest concentrations found in soils after 130 days (Table 2 ). These macronutrients are of fundamental importance to the vegetative and reproductive development of the plant.
Potassium, in particular, is present in all tissues and is indispensable for the plant healthy development. According to Veiga et al. (2010) , its main functions are related to the enzymatic activation, the translocation of assimilates, nitrogen uptake and protein and starch synthesis. Filho et al. (2010) state that K is also required for the activation of many enzymes responsible for respiration and photosynthesis.
Phosphorous is another important element and it is the most used nutrient in manuring in Brazil, due to its scarcity in Brazilian soils (Holanda, 1995) . Phosphorous is extremely important to vegetables and it is found in cellular DNA and RNA. A deficiency in P causes a dark green coloration of older leaves, due to a purple coloration coming from the accumulation of anthocyanin (Filho et al., 2010) . The bars indicate the mean + the standard deviation data. Asterisks indicate statistically significant differences between groups L75 and L100 in the other groups (p <0.05). Analyses of variance and comparisons of means were made by Tukey test at 5% probability. In summary, the P and K concentrations found in treatments L100 and L75 can contribute to a possible decrease in the use of phosphatic and even potassic fertilizers, which can also reduce costs and contaminants in the soil. Regarding P specifically, treatments L100 and L75 promoted an increase of P concentration in the soil (Table 3) . As P concentrations available in weathered soils of natural ecosystems are low, several mechanisms are adopted by plants and organisms to increase efficiency in absorbing P.
Investments in fertilizers and liming are necessary to increase the availability and absorption of phosphorous by the plants (Gatiboni et al., 2003) .
Even if wastewater alone is not capable of supplying all the C. ensiformis nutritional needs, it can be an additional tool in fertilization. Considering that P and K are the main fertilizing elements and are extensively added to agricultural fertilizers, we believe that the results shown here are promising and open perspectives to the use of waters derived from domestic sewage as a possible source of elements rather than industrialized chemical fertilizers. These results are even more promising when one considers that the soils of the Cerrado biome are of low natural fertility and present high P fixation capacity.
CONCLUSIONS
Based on the exposed above, we can conclude that:
• The use of wastewater in C. ensiformis crop irrigation does not affect the initial development of the species; • The increase in domestic wastewater content in irrigation waters increased the production of fresh and dry material of the aerial parts and total phytomass, as well as the length of the plant, diameter of the stalk, number of leaves, number of ramifications, number of flower buds and pods. These results emphasize the proportional vegetative and reproductive development of the plants.
• Lacking mineral manuring, soils from groups L100 and L75 irrigated with high concentrations of wastewater (100% and 75%, respectively) can supply K and P for the C. ensiformis nutritional demands.
